Chemical ThermodynamicProperties Center, Texas A and M Univ., College Station, Texas, U. S. A. 12) Murti, P.S., van Winkle, M. : J. Chem. Eng. Data, 3, 72 (1958) The drag force on a sphere isdescribed generally as the relation of the drag coefficient Co and Reynolds number Rejv for a Newtonian fluid.
In the case of a non-Newtonian fluid, it is desirable that the drag force is described as for a Newtonian fluid. Thus, a generalized Reynolds number Re*, which can be expected to play the equivalent role of Rqn in Newtonian fluids, has been introduced from "similarity law of energy dissipation". As was expected, a good correlation of Cd and Re* has been obtained in the whole range of the experiment where the falling ball method was used with slurries of clay which could be assumed to be Bingham plastic fluids.
Introduction
Several authors have studied the drag force on a sphere moving through non-Newtonian fluids. where the generalized Reynolds number Re* has been denned by the "similarlity law of energy dissipation".
Theoretical Consideration
Similarity low of energy dissipation2>3)
Let Ui be the components of velocity, k% the components of the external force, p the density and nj the components of the stress at point x%, and let t be the time. In Eq. (9a) pu^E is a characteristic kinetic energy of the flow system and C# is a correction factor. When one cannot take puo2 as a reasonable characteristic kinetic energy in a flow system, such as a flow system in pipe where average velocity ua is chosen generally as a characteristic velocity, the correction factor C,e is needed. This is because the velocity distribution of laminar flow in pipe does not have a definite form except for Newtonian fluids.
Then, the terms of the right hand side of Eq. (8) 20 Fg = p)))^mkidV = pmgUl\\\ ut*ki*dV* Fs= J I Ui t i ndS (xin : components of normal stress to the boundary S)
Fx= Ml Xe*dV=zy\\\yev.lndV 
In this report only the case in which the external force can be neglected is discussed.
The last term of the rigth hand side of Eq. (16) is the non-dimensional dissipation energy of the flow system.
The estimation of the dissipated energy, such as the pressure drop in apparatus, the drag force acting on the moving body and the power consumption of the agitator, etc., is required in many engineering problems.
In these cases, the similarity of energy dissipation is more effective than the similarity of flow pattern.
One of the authors, Ito, proposed a "similarity law of energy dissipation" and applied it to some problems. 
Re* = -^(23) Therefore, when Re* is used for the flow system of a non-Newtonian fluid, Re* will play the equivalent role of ReN for a Newtonian fluid, and thus Re* may be called a generalized Reynolds number. 
. flB fiBV and fiB is the plastic viscosity.
Experiment:
Apparatus and procedure Drag coefficients of spheres moving through Bingham plastic fluids were calculated from the terminal falling velocity v in gravitational field by the following equa-
where, pP is the density of the sphere. The schematic diagram and dimensions of the apparatus are shown in Fig. 1 . When a falling sphere passed through two measuring sections where coils were wound around the wall of the cylindrical container, the inductance of the coils was changed and the electric pulses were induced to the inductance meter. The pulses were introduced into the oscillograph or the electronic counter to decide the falling velocity of a sphere by measuring the time Table 2 .
To avoid developing a vertical concentration dis- After such procedure, the form of the function f(Nv) was decided as shown in Fig.3 . The final correlation of Cd and Re* using Fig. 3 is shown in Fig. 4 , in which all data of this study are plotted.
Conclusion
By measuring the falling velocities of spheres moving through slurries of clay which could be assumed to be Bingham plastic fluid, the drag coefficients were calculated from Eq. (29) and a good correlation of Cd and Re* was obtained as shown in Fig. 4 , where the generalized Reynolds number Re* was introduced by applying the "similarity law of energy dissipation" to a sphere moving through Bingham plastic fluids.
The definition of Re* was given by Eq. (27) and the approximation for this problem was given by Eq. Then, one will be able to estimate the drag force [-] = gravitational acceleration [kg -sec"2 ] = gravitational conversion factor [kg * cm/Kg* sec"2] e = Hedstrom number or Henkey number {puo2/ry) [-] , h, In = dimensionless integral, defined by Eqs. (10) , (12) and (13) , 5, 115 (1925) 2) Ito, S. : Shin Kagaku Kogaku Koza V-l (1957) 3) Ito, S. :å Paper of 2nd. Symposium, Society of Chem. Engnrs. Japan, 72 (1963) Two different models ( Fig. 1-a) composed of spherical particles of uniform size were considered ; one is the cubic lattice (void fraction £=0.476) and the other is the orthorhombic lattice (e=0.395). The unit cell for heat transfer is considered as the pentahedron ( Fig. 1-b) containing a part of a sphere (one-sixteenth of a sphere for cubic lattice and one-twenty fourth for orthorhombic lattice). The problem is to solve the heat transfer equation through the unit cell under the appropriate conditions.
(1) Temperatures of ABCand A'B'C' are To and T, respectively, or in the form of dimensionless temperature t-\ and 0, respectively. Three sides A'B'BA, C'B'BC and A'C'CA are adiabatic. The cell was further divided into smaller elements (ten elements for cubic lattice and seven elements for orthorhombic lattice) and the cross section of each element was approximated to an acute sector (Fig. 2) . The elements are now symmetrical to the axis AA'. Further, for convenience of the calculation, it is assumed that no heat flows across the side faces of the elements.
